The initiation of spontaneous breast cancer (SBC) in Tientsin Albino 2 (TA2) mice is related to mouse mammary tumor virus (MMTV) infection, and MMTV amplification is hormonally regulated. To explore the insertion site of MMTVLTR in TA2 mouse genome, reverse PCR and nested PCR were used to amplify the unknown sequence on both sides of the MMTV-LTRSAG gene in SBC and normal breast tissue of TA2 mice. Furthermore, the clinicopathological significance of the insertion site was Zhang and Fei equally contributed to the paper.
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tive staining index of IGjC in stromal cells was the highest in lymph node metastatic breast cancer, followed by primary breast cancer, ductal carcinoma in situ, and breast cystic hyperplasia. Furthermore, the positive staining index of IGjC was related to the expression of ER, PR, HER2 and Ki-67. Our findings showed that stromal IGjC expression was associated with the initiation of SBC in TA2 mice.
IGjC may be a high-risk factor for the initiation and progression of human breast cancer.
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| INTRODUCTION
Breast cancer is a very common type of cancer and a serious threat to women's health. Surgery accompanied with chemotherapy and targeted therapy is the most successful treatment strategy for breast cancer. However, 40% of patients die due to recurrence and metastasis. 1 The initiation of breast cancer is hormonally dependent. The been reported that the human genome carries a number of distinct endogenous retroviral sequences that exhibit sequence similarity to MMTV. Wang et al 6 report that a 660-bp MMTV-like env gene sequence was found in approximately 38% of the sampled human breast cancer tissues but not in normal breast tissues or other tumors.
Tianjin Medical University established the spontaneous breast cancer (SBC) mouse model, TA2, following more than 50 years of research on this topic. The incidence of SBC in this model is more than 80%. The incidence of SBC was dependent on gravidity and frequency of pregnancy, and mouse mammary tumor virus (MMTV) infection. 7, 8 MMTV is a retrovirus that is characterized by long terminal repeats (LTR). MMTV LTR-like sequences contain hormone-responsive elements (HRE), transcription enhancer factor-1 (TEF-1) family elements and an open reading frame (ORF) for superantigen (SAG). 6 Expression of the SAG gene, which is present in the provirus, is responsible for the production of SAG. 9 The MMTV promoter contains an HRE that can bind with progestin, glucocorticoid receptors and androgen receptors to promote the expression of MMTV genes. 10 Our previous studies confirmed that combined exogenous estradiol and progesterone treatment induces the initiation of breast cancer in TA2 mice without ovaries. 8 As a retrovirus, MMTV can integrate its genome into the mouse genome. When the virus DNA is inserted inside or even near an oncogene, it is able to change the expression of that gene, leading to development of cancer. 10 MMTV remains dormant until stimulated by hormones. The hormones bind to the repeat sequence, TGTTCT, in the HRE of MMTV-LTR. The incidence of SBC in TA2 mice is related to gravidity and frequency of pregnancy and MMTV infection. Estradiol and progesterone can bind to the HRE and subsequently induce the initiation of breast cancer.
The initiation of SBC in TA2 mice may be similar to that for the human pregnancy-associated breast cancer (PABC). PABC is defined as breast cancer diagnosed during pregnancy or within 1 year after delivery. 11, 12 Breast cancer has a high incidence the first year after pregnancy. The mechanism underlying the development of PABC involves the hormonal changes during adolescence and pregnancy. Board approved this study, and the confidentiality of patient information was maintained.
| Tissue microarray
In H&E staining sections, the typical lesions of primary invasive breast cancer, lymph node metastatic foci, ductal carcinoma in situ, cystic hyperplasia and normal breast tissue were marked and then located in the FFPE tissues. The tissues in which the cells did not undergo necrosis were chosen to make a tissue microarray with 1.5-mm cores (2.0 mm between cores). Two typical spots for each sample were chosen.
2.5 | RNA in situ hybridization in formalin-fixed,
paraffin-embedded tissue
In situ hybridization was performed using a mouse RNAscope Probe-
Hayward, CA, USA) specific for IGjC, and the RNAscope 2.5 HD Reagent Kit-BROWN (catalog, 2002422, ACD) as directed by the manufacturer. 15, 16 According to the factory instructions, the FFPE tissue microarray slides were deparaffinized and rehydrated. Endogenous peroxidase activity was inhibited before the slides were boiled in Pretreatment 2, followed by treatment with protease, and hybridization with the target oligo probes (ACD). After hybridization, a 6-step amplification process (preamplifier, signal enhancer, amplifier, label probe, signal amp and DAB-linked labeling) was performed.
Finally, these slides were counterstained with hematoxylin. Specific in situ hybridization signals appeared as punctate brown spots. The RPE65 probe was used as a positive control, and the bacterial dapB probe was used as a negative control. 
| Immunohistochemistry
Immunohistochemistry (IHC) was performed using an IHC autostainer (BenchMark, Roche, Arizona, USA). The 4-lm-thick sections were deparaffinized in EZprep, the endogenous peroxidase activity was inhibited with 3% hydrogen peroxide, and the sections were subjected to antigen retrieval in cell-conditioning solution (CC1) at 17 For ER and PR, samples with more than a 10% score were defined as positive.
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For Ki-67, these samples were divided into 2 groups, 1 comprising of samples with an average cell percentage of >14%, and the other with a positive cell percentage of ≤14% (a cut-off of 15% for Ki-67
was defined according to the international recommendations). [19] [20] [21] [22] For HER2, the basis of IHC scores (0, 1+, 2+, 3+) were used. Samples with IHC scores of 3+ and certain samples with a score of 2+
were defined as positive, and those with an IHC score of 0 and 1+, and certain samples with a score of 2+ were defined as negative.
Samples with HER2 score 2+ were defined positive or negative based on the results of FISH, which can be used to prove the gene amplification. 23 | 1827 assessed, and it was observed that all these different breast lesions could appear in 1 TA2 mouse. Figure 1A shows the morphologic MMTV. However, the sequence similarity between the PCR product obtained using the forward PCR primer and the mice genome was more than 99%. Using NCBI-BLAST, it was also observed that the sequence of the PCR product obtained using the reverse PCR primer was part of the mice genome.
| Statistical analysis
Results of PCR and sequence confirmed that MMTV-LRESAG was integrated into the mice genome. The 3 0 terminal may connect with 2 sites, and both the sites were located in chromosome 6. One ID was ref| AC_000028.1| and ranged from 70364691 to 70365638, and the other ID was ref|NC_000072.6| and ranged from 68252138 to 68253085. Further analysis showed that the forward PCR primer sequence was located in the intergenic region between the upstream gene, IGjv2-112 (GeneID:38176), and the downstream gene, IGjv14-111 (GeneID:545847).
Another 1120-bp-long forward PCR primer was sequenced (detailed information listed in the Data S1) and the sequence had 99% similarity with mouse IGj. In addition, a 1103-bp-long reverse PCR primer sequence did not have any similarity with the mouse genome.
3.5 | IGjC RNA in situ hybridization in mouse tissue Weak staining of IgjC existed in the atypical hyperplasia tissue (Figure 1Cb) , and normal breast tissue was negative for IgjC staining (Figure 1Cc ). The negative control of bacterial dapB probe confirmed the reliability of the results (Figure 1Cd ).
| Expression of IGjC was associated with the development of human breast cancer
The amplified sequence was identified, and its clinicopathological significance was evaluated by RNA in situ hybridization. IGjC staining Estradiol and progesterone together induce replication of MMTV.
High titer of MMTV induces carcinogenesis in mouse breast tissue. 7, 8, 27 As described above, the initiation of SBC in TA2 mice was similar to that of human PABC because it was dependent on the gravidity and frequency of pregnancy. 
